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BSA : bovine serum albumin
Bu : butyl
calcd : calculated
COSY : correlated spectroscopy
DAP : diaminopimelic acid
DMSO : dimethylsulfoxide
Dpt : diptericin
EGM : endothelial growth medium
EIMS : electron impact mass spectrum
ELISA : enzyme-linked immunosorbent assay
Et : ethyl
FABMS : fast atom bombardment mass spectroscopy
FBS : fetal bovine serum
Fr. : fraction
gal : galactosidase
GPC : gel permeation chromatography
HMBC : heteronuclear multiple bond connectivity
HMQC : heteronuclear multiple quantum coherence
HPLC : high performance liquid chromatography
HR : high resolution
HS : heat shock
HUVEC : normal human umbilical vein endothelial cell
IC50 : 50% inhibitory concentration 
IL : interleukin
LPS : lipopolysaccharide
LR : low resolution 
Me : methyl
NMR : nuclear magnetic resonance
OD : optical density
ODS : octadecyl silica gel
PGN : peptidoglycan
TLC : thin layer chromatography
TLR : Toll-like receptor
TNF : tumor necrosis factor
UV : ultraviolet




? 1 ????? Aspergillus sp. ??????????????????
? 1 ? Aspergillus sp. ??????????????? 10 ??? 10
? 2 ? ??? 10 ????? 13
? 3 ? ????????? 10 ??? aspergillicin E (14) ????? 24
? 4 ? ?? 26
? 2 ????? Streptomyces hygroscopicus ??????????????????
? 1 ? Streptomyces hygroscopicus ??????????????? 12 ??? 28
? 2 ? ??? 12 ????? 33
? 3 ? ?? trichostatin ??? 12 ??? trichostatin A (13) ????? 35
? 4 ? ?? 38
? 3 ????? Streptomyces sp. ?????????????????
? 1 ? Streptomyces sp. ??????????? 13 ??? 40
? 2 ? ??? 13 ????? 43
? 3 ? ?????????????? 13 ????? 52

















































????????????????.5 ??????????????????? imd ??
? Toll ??????????????????????????? TNF ??,  TLR ??
????? (Figure 3).6 ??????????????????? imd ?????????
??imd ??? TNF ???,  ?????????????????,  ???????,
MAP3 ?????IKK ????????Rel ??????????????????? 
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Figure 3.  ???????? imd ????? TNF ????????????
????????????????????????????????????????
????????????????????????.9.10,11 ??????????????
????????? 1 ???? diptericin12 ????????????????? lacZ ??
?????????????????????????????? (Dpt-lacZ ?)????
?????????????????????????????? DAP ???????
?? (PGN) ??????????? imd ??????????????? diptericin ??
??????????????????????????? β-galactosidase ?????
????????????????????????????????? β-galactosidase 
?????????  (Figure 4)???????????PGN ?????????  β-






























???? (Att-luc ?)?Att-luc ???????????????????? 1 ????
attacin ????????????????? luciferase ??????????????? 






????????????? (Dpt-lacZ ??Att-luc ?) ????????????????
????????????????????????????????????????
??????????????????????S2 ????hs-lacZ ??????.9
?S2 ???????????????????????? S2 ????????????














Figure 5. Att-luc ???????????????
?hs-lacZ ???, ????????????? hs-GAL4/UAS-lacZ ???????????
???????????????????????????????????????
????heat shock promoter ??????????? GAL4 ?????????????
???? GAL4 ??????????? UAS (upstream activating sequence) ???????
UAS ??????????? lacZ ?????????β-galactosidase ?????????
???  hs-lacZ  ?????????????????????????????  β-
galactosidase ??????????????????????????????????
??????????????????? (Figure 7)?
???????S2 ???????????hs-lacZ ????? β-galactosidase ?????
????Dpt-lacZ ????? β-galactosidase ????????????????????





( 24 h., 25 °C)
S2 ??





Figure 7. hs-lacZ assay ????????????????
??? (35 °C, 20 min.)
???????β-gal?????
+ Sample
β -gal assay 








??? (37˚C, 30 min.)
??
??? ? β-galactosidase 
lacZ
+ ?? 25˚C
18 h β-galactocidase assay
????????????????????????????????????????
?????????????????????????TP-1 (4)13 ??????????
??????celastramycin A (5)14 ???????????chartreusin (6)15 ????????
????????????????????????????????????????


















????????????? Aspergillus sp. ????????????? 8 ??????
???????????????????  Streptomyces hygroscopicus ?????  
trichostatin ??? 9 ?????????????????? (Figure 10)?? 1 ????? 2 
???????????????????????????????????????
???
??????????????? Dpt-lacZ ???? hs-lacZ ?????????????
????????????????????????????????????????
????????????????????????????????????????





Gonytolide A (7)Chartreusin (6)
Figure 9. ????????????????????????????????
9Figure 10.  ????????? 2 ??????????????





? 1 ????? Aspergillus sp. ??????????????????
???????????????????????????? 2 ???????????
????????????????? 2 ???????????????Aspergillus sp. n-
BuOH ????????????????????? 8 ?????????????? 
8 ????????????????????????
? 1 ?? Aspergillus sp. ??????????????? 8 ???
???? Aspergillus sp. ?????Figure 12 ??????????n-BuOH ???? 5.96 g 
? H2O ???? 66.3 g ??????????????? Dpt-lacZ ??????????
????n-BuOH ????? 1000 µg/mL ???????? 11.3% ??????????
?????? S2 ??????????????????????????H2O ????
? 1000 µg/mL ???????????????????????n-BuOH ??????
???????????????????????????????????????
??4 ????????? (Figure 13)???????????????????????
????Fr. 1~3 ????????????????????????????????
??????? Dpt-lacZ ?????????????????????????????
?????? (Figure 14)??????Fr. 2 ????????????8 ?????????







Aspergillus sp. ??  






























   Figure 13. Aspergillus sp. ?????? (2)
???????????????????
?????: Dpt-lacZ ?????????? 1000 µg/mL (?) ?? 100 µg/mL (?)?
???????β-galactosidase ??? (% of control) 
?????: S2 ???????????? 1000 µg/mL (?) ?? 100 µg/mL (?) ?
???????????? (% of control)
???Dpt-lacZ ?????????????????????????????????
S2 ???























?: Dpt-lacZ ?????????? 1000 µg/mL ?????????β-galactosidase ??? (% of control) 




































?????: Dpt-lacZ ?????????? 1000 µg/mL (?) ?? 100 µg/mL (?) ?
???????β-galactosidase ??? (% of control) 
?????: S2 ???????????? 1000 µg/mL (?) ?? 100 µg/mL (?) ?



















   Figure 14. Aspergillus sp. ?????? (3)
CHCl3-MeOH 
(4:1)-MeOH
? 2 ????? 8 ?????
? 1 ?????????
???? 8 ???????????????HRFABMS ???? m/z 755.4344 [M+H]+ ?
???????????? C39H58N6O9 ?????????1H NMR?13C NMR?HMQC ?
???????7 ????????? (d 173.2, 171.2, 171.1, 170.3, 170.1, 169.7, 168.4)?2 ?
? 4 ? sp2 ?? (d 158.7, 129.7)?4 ?? sp2 ????? (d 130.5 (2C), 114.4 (2C))?9 ???
???? (d 71.6, 62.5, 58.3, 57.6, 55.8, 55.2, 54.7, 37.7, 36.9)?1 ???????? (d 55.4)?1 
???????????????? (d 29.4)?9 ???????? (d 47.6, 47.4, 33.5, 28.5, 
27.9, 26.1, 25.4, 24.8, 24.7)?6 ??????? (d 23.1, 16.7, 15.7, 14.5, 11.7, 11.1) ??????
?? ?
????1H-1H COSY ????2 ?? 3 ??????????? 5 ?? 6 ???????
?????????????HMBC ???????? C-H ?????????????
??????????1 ?????? 2 ?????????2 ?????? 11 ?????
????3 ???????5 ?????????7 ?????? 10 ?????????




Figure 15. ??? 8 ????? (1)
HMBC
1H-1H COSY
????1H-1H COSY ????13 ?????? 16 ????????????????
??????HMBC ???????? C-H ????????????????????
???12 ?????? 14 ????????????????????????????
? (2) (Pro) ????? (Figure 16).
 
?
????1H-1H COSY ????18 ????? 19 ??????????? 20 ?? 21 ??
??????????????????HMBC ???????? C-H ????????
???????????????17 ?????? 19 ?????????21 ?????? 









Figure 17. ??? 8 ????? (3)
  ???1H-1H COSY ????23 ?????? 27 ??????????????????
????HMBC ???????? C-H ?????????????????????
??22 ?????? 23 ????????????????????????????? 
(4) (Ile) ????? (Figure 18).
????1H-1H COSY ????29 ?????? 31 ????????????????
??????HMBC ???????? C-H ????????????????????
???28 ?????? 29 ?????????32 ?????? 29' ?????? 33 ??





Figure 18. ??? 8 ????? (4)
1H-1H COSY
HMBC
Figure 19. ??? 8 ????? (5)
 ???1H-1H COSY ????36 ?? 37 ??????????? 36 ?? 39 ??????
??????????????HMBC ???????? C-H ????????????
???????????34 ?????? 35 ?????????36 ?????? 38 ??
???? 39 ?????????37 ?????? 38 ????????????????
????????????? (6) (Ile) ????? (Figure 20).
????28 ?????? 23' ?????????34 ?????? 30 ?????????
1 ?????? 35' ?????????12 ?????? 11 ?????????????











???????? (3) ????????? (2) ? (4) ?????????????????
? ???????????????????? Aspergillus carneus ??????????
?????? aspergilicin E (11)17 ??????? (Figure 22)?
??????? 8 ? 1H NMR ??? aspergillicin E ????17 ?????????????
????????????aspergillicin E (11) ? L-allo-Ile ? α ?????? 35 ?????
????? 8 ?? 0.16 ppm ???????????????? aspergillicin E (11) ? N-Ac-
L-Thr ????????????? 29'-NH ?????????? 8 ?? 0.22 ppm ???
????????? (Table 1)??? 2 ???????????????????????
????? 8 ?????? aspergillicin E (11) ? L-allo-Ile ? L-Ile, D-Ile, D-allo-Ile ?????
??????????? N-Ac-L-Thr ? N-Ac-D-Thr ?????????????????
???????????????????L-allo-Ile ? L-Ile ??????????????
? L-???????????? D-?????????????????????????
??????? 2 ???????????????????????????????
????? 8 ???? aspergillicin E (11) ? L-allo-Ile ? L-Ile ?????????????
??? (Figure 23)?
17
8 Aspergillicin E (11)
Figure 22. ??? 8 ?? Aspergillicin E (11) ??? 
N,O-dimethyl-L-Tyr
1 169.7
2 62.5 4.97 (1H, dd, J = 11.1, 3.0 Hz) 4.97 (1H, dd, J = 11.2, 3.6 Hz)
3 33.5 3.15 (1H, dd, J = 14.9, 3.0 Hz) 3.17 (1H, dd, J = 14.6, 3.4 Hz)
2.95 (1H, dd, J = 14.9, 11.1 Hz) 2.98 (1H, dd, J = 14.6, 11.4 Hz)
4 129.7
5 130.5 7.02 (1H, d, J = 8.5 Hz) 7.03 (1H, d, J = 8.8 Hz)
6 114.4 6.82 (1H, d, J = 8.5 Hz) 6.84 (1H, d, J = 8.8 Hz)
7 158.7
8 114.4 6.82 (1H, d, J = 8.5 Hz) 6.84 (1H, d, J = 8.8 Hz)
9 130.5 7.02 (1H, d, J = 8.5 Hz) 7.03 (1H, d, J = 8.8 Hz)
10 55.4 3.76 (3H, s) 3.78 (3H, s)
11 29.4 2.81 (3H, s) 2.83 (3H, s)
L-Pro
12 173.2
13 55.2 4.30 (1H, dd, J = 8.1, 5.1 Hz) 4.30 (1H, dd, J = 7.8, 5.0 Hz)
14 28.5 1.03-1.84 (2H, m) 1.0-1.8 (2H, m)
15 24.7 1.85-2.04 (2H, m) 1.8-2.3 (1H, m)
1.0-1.8 (1H, m)
16 47.6 3.57-3.72 (2H, m) 3.6-3.7 (2H, m)
L-Pro
17 170.1
18 58.3 4.48 (1H, dd, J = 8.5, 5.1 Hz) 4.50 (1H, dd, J = 8.6, 5.0 Hz)
19 27.9 2.13-2.23 (1H, m) 1.8-2.3 (2H, m)
1.81-1.92 (1H, m)
20 25.4 1.63-1.71 (2H, m) 1.8-2.3 (2H, m)
21 47.4 3.49 (2H, m) 3.49 (2H, m)
D-allo-Ile
22 171.2
23 54.7 4.61 (1H, dd, J = 9.7, 8.0 Hz) 4.61 (1H, dd, J = 9.6, 7.6 Hz)
24 37.7 1.56-1.68 (2H, m) 1.0-1.8 (1H, m)
25 26.1 1.02-1.85 (2H, m) 1.0-1.8 (2H, m)
26 11.7 0.82-0.96 (3H, m) 0.83-0.95 (3H, m)
27 14.5 0.84-0.96 (3H, m) 0.83-0.95 (3H, m)
23'-NH 6.57 (1H, d, J = 9.7 Hz) 6.61 (1H, d, J = 9.6 Hz)
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Table 1. 8 ?? aspergillicin E (11) ? NMR ???




29 55.8 4.84 (1H, dd, J = 9.7, 2.4 Hz) 4.86 (1H, dd, J = 10.0, 2.4 Hz)
30 71.6 5.56 (1H, dq, J = 6.5, 2.4 Hz) 5.60 (1H, dq, J = 6.5, 2.4 Hz)
31 16.7 1.26 (3H, d, J = 6.5 Hz) 1.28 (3H, d, J = 6.4 Hz)
32 171.1
33 23.1 2.13 (3H, s) 2.16 (3H, s)
29'-NH 7.03 (1H, d, J = 9.7 Hz) 6.81 (1H, d, J =10.0 Hz)
L-allo-Ile
34 170.3
35 57.6 4.52 (1H, dd, J = 8.8, 5.6 Hz) 4.68 (1H, dd, J = 9.2, 4.8 Hz)
36 36.9 1.83-1.97 (1H, m) 1.8-2.3 (1H, m)
37 57.6 1.82-2.06 (2H, m) 1.0-1.8 (2H, m)
38 11.1 0.74-0.86 (3H, m) 0.83-0.95 (3H, m)
39 15.7 0.81-0.95 (3H, m) 0.83-0.95 (3H, m)
35'-NH 8.13 (1H, d, J = 8.8 Hz) 8.16 (1H, d, J = 9.2 Hz)
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Table 1. 8 ?? aspergillicin E (11) ? NMR ??? (???)
Position 8 8 Aspergillicin E (11)17
1H (ppm)a13C (ppm)a
a Compound 8: 600 MHz for 1H and 150 MHz for 13C in CDCl3. 
8 Aspergillicin E (11)
Figure 23. ??? 8 ??????? aspergillicin E (11) ??? 
3636
????????
? 2 ??Aspergillicin E (11) ???
?????????? 8 ???????????????????????????
??aspergillicin E (11) ????????????
???????????????????????? C ??????????????
??????????????????????,18 C ??? Gly ??? Pro ??????
??????????????????????????.19 ???????????? 
12 ? Pro ???????? Tyr ??????????????????????????
?????????? 12 ????????????????????????????
??????L-Pro (13) ?????????????????????????L-Pro, D-
allo-Ile, L-Thr, L-allo-Ile, L-Tyr ??????????????????? 14 ???????
?????????????? (Scheme 1).
20




?????????????????????? aspergillicin E (11) ??????????
??L-Pro (13) ???? benzyl alcohol ??????????????? 15 ???????
EDC ???? N-Boc-L-Pro ?????? 16 ????????????? Boc ?????
??????EDC ???? N-Boc-D-allo-Ile, ????? 17 ???????????? 17 
? N-Boc-L-Thr ???????????? 18 ??????????18 ? Boc ?????
??????? 19 ?????MNBA ???? N-Boc-L-allo-Ile ????? 20 ?????
????????????N-Cbz-N,O-dimethyl-L-Tyr ??????????? aspergillicin E 
(11) ???????????? 14 ??? ????????????Pd/C ???????
????????????????? HATU ????????????,20 aspergillicin E 
(11) ???????? (Scheme 2)?
??????????? 11 ????????? aspergillicin E (11) ?????? NMR ?
???????????????????? 11 ? NMR ??????????????
????????????? 8 ???????????????????? 29'-NH ??
?? 35 ????????????? (Figure 24)???????? aspergillicins ?????










DMF, 0 ºC to rt
66%
2) N-Boc-D-allo-Ile, EDC, HOBt
DIPEA, DMF, 0 ºC to rt
1) TFA
CH2Cl2, 0 ºC to rt
65% (2 steps)
Scheme 2. Aspergillicin E (11) ???
15 16
2) N-Boc-L-Thr, EDC, HOBt
DIPEA, DMF, 0 ºC to rt
1) TFA





CH2Cl2, 0 ºC to rt
92% (2 steps)18





HOBt, DIPEA, CH2Cl2, 0 ºC to rt
1) TFA


















Figure 24. (A) ??? 8 ??? (B) aspergillicin E (11) ? 1H NMR ?????
? 3 ??????????? 8 ??? aspergillicin E (11) ?????
?? 1 ???????????????? 8 ???? 2 ??????? aspergillicin E (11) 
??????????????????????????????????
???? 8 ? Dpt-lacZ ???????? 1 µg/mL ?????????????????
hs-lacZ ???????? 100 µg/mL ?????????????????S2 ?????
?? 10 µg/mL ???? 80% ????????????100 µg/mL ??????????
??????????????? (Figure 25A)???????? 8 ??????????
??????????????
?Aspergillicin E (11) ? Dpt-lacZ ???? hs-lacZ ???????? 100 µg/mL ?????
????????????S2 ??????? 10 µg/mL ????????100 µg/mL ??







































































Concentration (µg/mL) Concentration (µg/mL)
????? DMSO ????
Dpt-lacZ ? (n=6) ?: 1 µg/mL ? PGN ??????????? β-galactosidase/protein (ng/mg),
hs-lacZ ? (n=6) ?: 1 µg/mL ? PGN ??????????? β-galactosidase/protein (ng/mg),
S2 ??? (n=4) ?: ???? (Abs. OD450 (4h - 0h)), 
????? 100 ????????????????????????????? DMSO ??????
?????????
Figure 25. ?????????????????????????






????????? (HUVEC) ??????????????? ??? 8 ???????
??
?IL-8 ? HUVEC ? TNF ????????????????????????????
???????????TNF ?????????????????HUVEC ???? 8 ? 
1.5 ??????????TNF-a 1 ng/mL ??????12 ???? IL-8 ??????? 
ELISA ?????????




   ????? DMSO ????
??ELISA ? (n=4) ?: TNF-α 1 ng/mL ????12 ??????????? IL-8 ????,
??HUVEC MTT ? (n=4) ?: ???? (Abs. OD450 (4h-0h))
?????? 100 ???????????????????????????? DMSO ??????
?????????









0.1 1 10 100












????????? Aspergillus sp. ??? n-BuOH ?????????????????
?????? 8 ??????????? 8 ?????????????????????
??? aspergillicin E (11) ????????aspergillicins ??????????
?Aspergillicin E (11) ? 2003 ????? Aspergillus carneus ??????????????
??????????????????? aspergillicin A-D (21-24) ?????????,22 
?????????????????????????????????? (Figure 27)?
?? 2 ???????????? 8 ???? aspergillicin E (11) ? L-allo-Ile ? L-Ile  ???
??????????????????????????????????? 8 ????
????????????????????????? aspergillicin E (11) ???????
???????????????????????? 8 ? 35 ???????????
?????????????????????????????? 8 ?????????
?????????aspergillicin E (11) ???????????????????????
???? 1H NMR ?? 13C NMR ????????????? 8 ???????????
????????????????????????????????????????
??????????? aspergillicin A-D (21-24) ? aspergillicin E (11) ?????????
????????????????????????????????????????
26
21: R1 = R3 = Me, R2 = H, X = OMe
22: R1 = R2 = H, R3 = Me, X = OMe
23: R1 = R3 = Me, R2 = X = H
24: R1 = Me, R2, R3 = X = H
Aspergillicin A-D (21-24)













????????????????? 2 ???????????????Streptomyces 
hygroscopicus  n-BuOH ??????? trichostatin ??? 9 ??????????????
????????????? 9 ????????????????????????
? 1 ???Streptomyces hygroscopicus ??????????????? 9 ???
???? Streptomyces hygroscopicus  n-BuOH ?????Att-luc ?????????? 0.1 
µg/mL ?????????, 10 µg/mL ? 90% ???????.  ?? S2 ??????? 1 
µg/mL ?????????, 100 µg/mL ? 70% ???????????? (Figure 28)???
????????????????????????????????????????
??????????
?n-BuOH ??? 92.92 g ??Figure 29 ??????????EtOAc ???? 52.73 g, n-
BuOH ???? 34.10 g ? H2O ???? 12.61 g ??????????????? Att-luc 
??????????????EtOAc ??????? n-BuOH ????? 1 µg/mL ? 65% 
????????????????? S2 ??????? EtOAc ?????? 35% ???
????????????H2O ????? 1 µg/mL ?????????????????
??????EtOAc  ??????? n-BuOH ???????????????????











0.01 0.1 1 10 100
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Concentration (µg/mL)









Figure 28.  Streptomyces hygroscopicus n-BuOH ??????????????
????? DMSO ????
?Att-luc ? (n=6) ?: 100 ng/mL ? PGN ??????????? luciferase
?S2 ??? (n=4) ?: ???? (Abs. OD450 (4h - 0h)), 
????? 100 ????????????????????????????? DMSO ?????????
??????
30

































?: Att-luc ?????????? 1 µg/mL ???????? luciferase ??? (% of control)
























?????????????? (Figure 30)??????Fr. 3 ???? trichostatin ??? 9 
??? trichostatin A (25) ?????Att-luc ?????????????????????
????????????????? trichostatic acid (26) ??????????????
???????????Fr. 3 ????????????Fr. 4~6 ???  n-BuOH ?????
?????Att-luc ????????????????????????????????
??? trichostatin A (25) ????????????????????Trichostatin A (25) ?

















H2O-CNCH3 (9:1-1:9),  
CNCH3
GPC HPLC
(GS 310 ; 
CHCl3-MeOH(2:1))
SiO2 c. c.














Figure 30. Streptomyces hygroscopicus n-BuOH ?????? (2)
? 2 ????? 9 ?????
???? 9 ???????????????HRFABMS ?? m/z 572.3318 [M+H]+ ???
?????????? C34H42N3O5 ???????????????? trichostatin A (25) ? 
trichostatic acid (26) ???? H2O ? 1??????????????? 1H NMR??? 13C 
NMR ?????????? trichostatin A (25) ? trichostatic acid (26) ??????????
??????????????????????? 9 ? trichostatin A (25) ???????
?????????? trichostatic acid (26) ?????????????????????
?????????????? trichostatin A (25) ? trichostatic acid (26) ???????? 9 





scavenger carbodiimide ??????????? (Scheme 3)????????? 9 ????
? 9 ??? NMR ??????????????????? (Table 2)?????????
?? 9 ???? trichostatin A (25) ? trichostatic acid (26) ???????????????
?????
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Trichostatic acid (26)Trichostatin A (25)
Silica-based scavenger carbodiimide
DMAP, CH2Cl2, 0 ºC to rt
26%
9
Scheme 3. ??? 9 ???
26%
1 165.5
2 111.6 5.97 (1H, d, J = 15.6 Hz) 5.82 (1H, d, J = 15.5 Hz)
3 152.5 7.47 (1H, d, J = 15.6 Hz) 7.18 (1H, d, J = 15.5 Hz)
4 132.2
5 144.4 6.15 (1H, d, J = 9.6 Hz) 5.91 (1H, d, J = 9.5 Hz)
6 40.9 4.38 (1H, m) 4.31 (1H, m)
7 198.1
8 123.8
9 130.6 7.84 (1H, d, J = 9.0 Hz) 7.81 (1H, d, J = 9.0 Hz)
10 110.7 6.64 (1H, d, J = 9.0 Hz) 6.60 (1H, d, J = 9.0 Hz)
11 153.5
12 110.7 6.64 (1H, d, J = 9.0 Hz) 6.60 (1H, d, J = 9.0 Hz)
13 130.6 7.84 (1H, d, J = 9.0 Hz) 7.81 (1H, d, J = 9.0 Hz)
14 12.3 1.93 (1H, d, J = 1.2 Hz) 1.79 (1H, s)
15 17.5 1.31 (1H, d, J = 6.6 Hz) 1.25 (1H, d, J = 6.8 Hz)
16 40.0 3.05 (3H, s) 3.00 (3H, s)
1' 165.3
2' 113.9 5.88 (1H, d, J = 15.6 Hz) 5.83 (1H, d, J = 16.0 Hz)
3' 148.2 7.36 (1H, d, J = 15.6 Hz) 7.38 (1H, d, J = 16.0 Hz)
4' 132.3
5' 142.4 6.06 (1H, d, J = 9.6 Hz) 6.09 (1H, d, J = 9.6 Hz)
6' 40.9 4.38 (1H, m) 4.39 (1H, m)
7' 198.3
8' 123.8
9' 130.6 7.84 (1H, d, J = 9.0 Hz) 7.85 (1H, d, J = 9.2 Hz)
10' 110.7 6.64 (1H, d, J = 9.0 Hz) 6.64 (1H, d, J = 9.2 Hz)
11' 153.5
12' 110.7 6.64 (1H, d, J = 9.0 Hz) 6.64 (1H, d, J = 9.0 Hz)
13' 130.6 7.84 (1H, d, J = 9.0 Hz) 7.84 (1H, d, J = 9.0 Hz)
14' 12.5 1.91 (1H, d, J = 1.2 Hz) 1.92 (1H, d, J = 1.2 Hz)
15' 17.5 1.31 (1H, d, J = 6.6 Hz) 1.32 (1H, d, J = 6.8 Hz)
16' 40.0 3.05 (3H, s) 3.05 (3H, s)
34
Table 2. ??? 9, trichostatin A (25) ??? trichostatic acid (26)   ? NMR ???
Position 9 9
1H (ppm)a13C (ppm)a
a Compound 9: 600 MHz for 1H and 150 MHz for 13C in CDCl3. 
   Trichostatin A (25), Trichostatic acid (26): 400 MHz for 1H in CDCl3. 
Trichostatin A (25) (1-16)
Trichostatic acid (26) (1'-16')
? 3 ???? trichostatin ??? 9 ??? trichostatin A (25) ?????
?? 1 ????????? trichostatin ??? 9 ??? trichostatin A (25) ????????
??????????????
???? 9 ? Att-luc ???????? 0.1 ng/mL ?????????????????
Dpt-lacZ ???????? 100 ng/mL ??????????????S2 ???????? 
1 ng/mL ????????????? (Figure 31A)?????trichostatin ??? 9 ??Att-
luc ?????????????????????????????? (IC50 2.5 nM)?
???trichostatin A (25) ? ??? 9 ???? Att-luc ?????????????????



















































































10-4 10-410-3 1 -3 1 -210-2 10-1 10-1 101010
Concentration (µg/mL) Concentration (µg/mL)
????? DMSO ????
Dpt-lacZ ? (n=6) ?: 1 µg/mL ? PGN ??????????? β-galactosidase/protein (ng/mg),
Att-luc ? (n=4) ?: 100 ng/mL ? PGN ??????????? luciferase ???
S2 ??? (n=4) ?: ???? (Abs. OD450 (4h - 0h)), 
????? 100 ????????????????????????????? DMSO ??????
?????????
Figure 31. ??? Streptmyces hygroscopicus ????????????????????
(A) ??? 9,  (B) trichostatin A (25)
???? ??? 9 ??? trichostatin A (25) ????? Att-luc ?????????????
??????????????????????????????? 9 ??????? 
tr ichostatin A (25) ????????????????? 9 ???????????
trichostatin A (25) ????????????????????????????????
????Att-luc ?????????????????????????????????
??????????????? HPLC ????????????? 9 ???????
???????????
??????? 9 ?????????????28 min ?????????? (FIgure 
32A)?????trichostatin A (25), ??? trichostatic acid (26) ?????????????
???????? 3 ???????????????????????????????
??????????? (Figure 32B)??????? 9 ? 3 µg/mL ?????????
?????????? n-BuOH ?????????????? MeOH ????????
??? ODS ??????????????????????????????????
????????? 9 ??? trichostatin A (25), ??? trichostatic acid (26) ???????
??????????????? (Figure 32C)???????????????????
?? 9, trichostatin A (25), trichostatic acid (26) ?????????????????????
????? 3 ??????????????????????Figure 32C ??????
????????????????????? (Figure 32D)???????????? 9 
? Att-luc ???????????????trichostatin A (25), ??? trichostatic acid (26) ?
?????????????????????? 9 ?????????????????






n-BuOH ???? H2O ????
ODS c. c.
H2O-CNCH3 (9:1-3:7)
Figure 32. ?? HPLC ???????
(A) ??? 9
(B) ??? 9, trichostatin A (25), trichostatic acid (26)
(C) ??????
























































????????? Streptomyces hygroscopicus ? n-BuOH ????? Att-luc ??????
??????????????????? trichostatin ??? 9 ??? trichostatin A (25) ?
??????????? 9 ? Att-luc ????????????trichostatin A (25) ??? 
trichostatic acid (26) ?????????????????????? 9 ????????
???? trichostatin A (25) ????????????????????
?Trichostatin A (25) ? 1976 ????? Streptomyces hygroscopicus ???????????
??,22 ???????????????????????? (HDAC) ?????????
?.23 HDAC ???????????????????????????????????
???HDAC ??????????????????????????????????
????.24,25 ??????? Att-luc ??????????????????????? 
imd ???????????????????????????? HDAC ???????
????????????? imd ?????????????????????????
????????
???????? 9 ??? trichostatin A (25) ? Att-luc ??????????????? 
Dpt-lacZ ????????????????????????????????????
????????????????????????????????????????
??Att-luc ????? S2 ????????????????????????????
?????????????????????S2 ?????????????????
????????????????????????????
???????????????? HDAC ??????? diheteropeptin (27)26 ??? 
TAN-1746 (28)27 ?????????????????????????????????






Diheteropeptin (27) TAN-1746 (28)
Figure 33.  ????????????? HDAC ??????????????????
? 3 ?




? 1 ???Streptomyces sp. ??????????? 10 ???
???? Streptomyces sp. EtOH ???????????????????Dpt-lacZ ??? 
hs-lacZ ????????10 µg/mL ???? 40% ???????????????? S2 
????????????????????????????????????????
?????????????????????????????????????  
(Figure  34)???? Dpt-lacZ ??????????????????S2 ???????
?????????????
?EtOH ??? 21.68 g ??Figure 34 ??????????n-BuOH ???? 4.13 g ? H2O 
???? 18.24 g ??????????????? Dpt-lacZ ????????????
??n-BuOH ????? 1 µg/mL ? 85% ????????????????? S2 ???









Streptomyces sp. EtOH ???
21.68 g
SiO2 c. c.
hexane, hexane-EtOAc (9:1-1:1),  
EtOAc, EtOAc-MeOH 
(9:1-2:1), MeOH, MeOH-H2O (9:1)








Dpt-lacZ ? (1 µg/mL) 
S2 ???(1 µg/mL) ?
18.24 g
Dpt-lacZ ? (1 µg/mL) 
S2 ???(1 µg/mL) ?
Dpt-lacZ ? (10 µg/mL) 
S2 ???(10 µg/mL) ?




























Dpt-lacZ ? (1 µg/mL) 
S2 ???(1 µg/mL) ?
?????????????????????
Dpt-lacZ ???? hs-lacZ ?: β-galactosidase ??????S2 ???: ?????














(GS 310 ; MeOH)
Figure 35. Streptomyces sp. EtOH ?????? (2)
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? 2 ????? 10 ?????
? 1 ?????????
???? 10 ????????????????HRFABMS ???? m/z 1083.4637 [M-H]- 
????????????? C52H76O24 ?????????1H NMR?13C NMR?HMQC 
????????2 ????????? (d 213.6, 197.6)?8 ?? 4 ? sp2 ?? (d 177.2, 
162.0, 160.7, 140.4, 139.5, 113.3, 111.7, 108.4)?2 ?? sp2 ????? (d 112.9, 100.7)?5 ??
??????? (d 101.7, 101.2, 100.1, 99.5, 99.4)?19 ?????????? (d 84.4, 83.4, 
81.2, 80.0, 79.4, 79.3, 78.3, 78.1, 76.8, 76.3, 74.5, 73.6, 73.4, 72.7, 72.0, 71.4, 71.1, 69.3, 69.1)?1
??????? (d 43.7)?2 ???????? (d 59.6, 58.4)?6 ???????? (d 40.6, 
38.3, 38.0, 36.0, 33.4, 29.3)?7 ??????? (d 19.7, 19.2, 18.9, 18.4, 18.1, 16.9, 8.1) ????
???? (Table 3)?
??????????? 1H-1H COSY ??? HOHAHA ???????????????
???????? A~G ???????? (Figure 36)?
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???? HMBC ?????????5C ????? 1C ?????1C ????? 4B ??
???5B ????? 1B ?????1B ????? 3A ?????5A ????? 1A ??
?????????????? A, B, C ?????????????7E ????? 3E ?
????5E ????? 1E ?????1E ????? 3D ?????5D ????? 1D ?
????1D ????? 2 ?????1' ????? 2 ??3 ??4 ??2' ?????6' ??












  ????HMBC ?????????1A ????? 6 ?????5 ????? 6 ??7 
??9 ??8a ?????11 ????? 7 ??8 ?????10 ????? 1 ??5 ??8 
??8a ??9a ??10a ?????4 ????? 4a ?????????????????
???????  ( Figu re 38)??????????????  10  ????????  
Streptomyces plicatus ??????? mithramycin (29) ???????.30
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Figure 39. ??? 10 ??? mitharamycin (29) ???
??? 10 mithramycin (29)
Position 13C (ppm)a 1H (ppm)a
1 197.6
2 78.3 4.35 (1H, d, J =12 Hz)
3 43.7 2.64 (1H, m)
4 29.3 2.92 (1H, dd, J =12.6, 5.4 Hz)
2.51 (1H, dd, J =12.6, 4.2 Hz)





10 112.9 6.34 (1H, s)





1' 83.4 4.64 (1H, d, J =6.6 Hz)
2' 213.6
3' 80.0 4.06 (1H, d, J =2.4 Hz)
4' 69.1 4.12 (1H, dq, J =6.6, 2.4 Hz)
5' 19.7 1.1-1.2 (3H, m)
6' 59.6 3.31 (3H, s)
1A 99.5 5.13 (1H, d, J =9.6 Hz)
2A 38.0 2.31-2.36 (1H, m)
2.05-2.15 (1H, m)
3A 81.2 3.64-3.70 (1H, m)
4A 76.8 3.04 (1H, dd, J =9.0, 9.0 Hz)
5A 73.4 3.40-3.50 (1H, m)
6A 18.9 1.29 (3H, d, J =6.0 Hz)
1B 100.1 4.62 (1H, d, J =9.6 Hz)
2B 40.6 2.05-2.15 (1H, m)
1.40-1.52 (1H, m)
3B 72.0 3.40-3.50 (1H, m)
4B 78.1 2.86 (1H, dd, J =9.0, 9.0 Hz)
5B 73.6 3.25 (1H, dq, J =9.0, 7.2 Hz)
6B 29.3 1.1-1.2 (3H, d, J =7.2 Hz)
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Table 3. ??? 10 ? NMR ???
Position 13C (ppm)a 1H (ppm)a
1C 99.4 5.05 (1H, dd, J =9.6, 1.8 Hz)
2C 36.0 2.12 (1H, d, J =13.2 Hz)
1.51 (1H, dd, J =13,2, 9.6 Hz)
3C 79.3 3.54 (1H, br. s)
4C 74.5 3.11 (1H, dd, J =9.6, 2.4 Hz)
5C 71.4 3.79 (1H, dq, J =9.6, 6.6 Hz)
6C 18.9 1.28 (3H, J =6.6 Hz)
1D 101.7 4.58 (1H, dd, J =9.6, 2.4 Hz)
2D 38.3 2.06-2.16 (1H, m)
1.1-1.3 (1H, m)
3D 84.4 1.90-1.96 (1H, m)
4D 76.8 2.61 (1H, dd, J =9.0, 8.4 Hz)
5D 72.7 2.75 (1H, dq, J =9.0, 6.0 Hz)
6D 18.3 1.1-1.3 (3H, d, J =6.0 Hz)
1E 101.2 2.78 (1H, dd, J =10.8, 2.4 Hz)
2E 33.4 1.34 (1H, dd, J =12.0, 10.8 Hz)
1.10 (1H, dd, J =12.0 Hz)
3E 79.4 3.56 (1H, br. s)
4E 69.3 2.61 (1H, d, J =2.4 Hz)
5E 71.1 2.75 (1H, dq, J =6.6, 2.4 Hz)
6E 16.91 1-1.3 (3H, d, J =6.6 Hz)
7E 58.4 3.43 (3H, s)
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Table 3.??? 10 ? NMR ??? (???)
a 600 MHz for 1H and 150 MHz for 13C in CD3OD
? 2 ?????????
???????????????? 10 ? 5 ?? 2, 6-didoxy hexose ??????????
??????????? A ? 1A ???? 2A ?????????????? 9.6 Hz ??
??????1A ???????????????????????????????3A 
???? 4A ??????? 4A ???? 5A ?????????????????? 9.0 
Hz ????????3A ??4A ???? 5A ????????????????????
???????????ROESY ??????????????1A ???? 3A ????
3A ???? 5A ????5A ???? 1A ?????????????????????
?? A ? olivose ????? (Figure 40)?
????? B ? 1B ???? 2B ?????????????? 9.6 Hz ????????
1B ???????????????????????????????3B ???? 4B 
??????? 4B ???? 5B ?????????????????? 9.0 Hz ????
????3B ??4B ???? 5B ?????????????????????????
??????ROESY ??????????????1B ???? 3B ????3B ???? 
5B ????5B ???? 1B ??????????????????????? B ? 






Figure 40. ? A ???????
????? C ? 1C ???? 2 ?? 2C ?????????????????? 9.6 Hz ?
?? 1.8 Hz ????????1C ?????????????????????????
??????3C ???? 4C ?????????????? 2.4 Hz ????4C ???? 
5C ?????????????? 9.6 Hz ????????3C ???????????
??4C ???? 5C ???????????????????????????????
ROESY ??????????????1C ???? 5C ???????????????











Figure 42. ? C ???????
1.8 Hz
2.4 Hz
????? D ? 1D ???? 2 ?? 2D ?????????????????? 9.6 Hz ?
?? 2.4 Hz ????????1D ?????????????????????????
??????3D ???? 4D ?????????????? 8.4 Hz ????4D ???? 
5D ?????????????? 9.0 Hz ????????3D ??4D ???? 5D ??
?????????????????????????????ROESY ???????
???????1D ???? 3D ????3D ???? 5D ????5D ???? 1D ???
???????????????????? D ? olivose ????? (Figure 43)?
????? E ? 1E ???? 2 ?? 2E ?????????????????? 8.4 Hz ?
?? 2.4 Hz ????????1E ?????????????????????????
??????4E ???? 5E ??????????????  2.4 Hz ??????? 
ROESY ??????????????1E ???? 3E ????3E ???? 5E ????
5E ???? 1E ???????????????????? 3E ?????? 5E ????
???????4E ???????????????????????????????
????? E ? 3-O-methyl-oliose ????? (Figure 44)?
??????? 10 ????????? 1H NMR ??? 13C NMR ????mitharamycin (29) 
?????30 ??????????????????????????mithramycin (29) ?
??????????????????????????????????? 10 ???






Figure 43. ? D ???????
2.4 Hz
8.4 Hz





Figure 44. ? E ???????
2.4 Hz
2.4 Hz
Figure 45. ??? 10 ?????
? 3 ??????????????? 10 ?????
?? 1 ???????????????????? 10 ???????????????
??????
???? 10 ? Dpt-lacZ ???? hs-lacZ ???????? 30 ng/mL ?????????
????????S2 ???????? 100 ng/mL ?????????????? (Figure 














































Dpt-lacZ ? (n=6) ?: 1 µg/mL ? PGN ??????????? β-galactosidase/protein (ng/mg),
hs-lacZ ? (n=6) ?: 1 µg/mL ? PGN ??????????? β-galactosidase/protein (ng/mg),
S2 ??? (n=4) ?: ???? (Abs. OD450 (4h - 0h)), 
????? 100 ????????????????????????????? DMSO ??????
?????????
Figure 46. ??? Streptmyces sp. ????????? 10 ???????????
10-2 10-1 1 1
? 4 ????
????????? Streptomyces sp. ? EtOH ???????????????????? 
10 ??????
???? 10 ?? 2 ???????? mithramycin (29) ????????Mithramycin (29) ? 
1953 ????? Streptomyces plicatus ????????????????.31 ????? 2 
??? 1 ?? Mg2+ ????????????DNA ? GC ??????????????
???????????????DNA ????????????????????.32,33 ?
????????????????????????????????????????
????????????????????????.34 Mithramycin  (29) ???????




Mithramycin (29) Chromomycin A3 (30)
??? 10UCH9 (31)
?Figure 47 ???????????????????????????? 2 ???? 6 ?
????????????????????????????? 6 ??????????
??????????????????????????? 10 ???? 6 ??????
????????????????????
??????????????????????????????D-olivose, D-oliose, D-
mycarose, ??? L-chromose B ????????? O-???????? O-???????
???????????????????? 4 ???? 2, 6-dideoxy sugar ???????
???????????????????????????????????????
???????????????????????????,37,38 ?????? digitoxose 
?????????????????????????????
??????????????????????????????? 1, 3 ???????



















???? Aspergillus sp. n-BuOH ??????????????? 8 ?????????
????????????.  ??? 8 ???????????????????????
?????,  ???????????? (HUVEC) ????????????????
?????????? 8 ???????????????????????? aspergillicin 
E (11) ???????????????????????????????
???? Streptomyces hygroscopicus  n-BuOH ???????? trichostatin ??? (9) ??
?????????????????????????? 9 ? Att-luc ?????????
?????trichostatin A (25) ??? trichostatic acid (26) ??????????????
???? Streptomyces sp. EtOH ??????????????????????????








????????????? JEOL JMS-DX 303 ???????JMS-700 ???????
?? JMS-T 100 GC ???????????????NMR ??????????? 
JEOL JNM ECA-600 ??????????? JEOL JNM AL-400 ???????????
?????????????? TMS ????????????? ppm ????????
????? : s,  ??? : d,  ??? : t,  ??? : q,  ???????? : dd,  ???????? 
: dt,  ???????? : dq,  ??? : m,  ??????? : br. ?????????????
?????? Silica gel 60 (70-230 mesh ASTM, Merck), Cosmosil 140C18-OPN (??????
?) ????.  ???????????????????? 1 g ???? 2 mL ???? 1 
fraction ?????,  ??????????. HPLC ? LC-908W (??????), LC-9201 
(??????) ??? D7000 (??) ???, ??????????, JAIGEL-GS310 (φ 20 
mm x 600 mm) (??????), JAIGEL-1H (φ 21.5 mm x 500 mm) (??????) ??? 
Mightysil RP-18 GP (φ 4.6 mm x 250 mm) (????) ?????????TLC ? TLC 
aluminium sheets Silica gel 60F254 (0.25mm, Merck), TLC aluminium sheets RP-18 F254S (0.25mm, 






?????????????????????????diptericin ????????? lacZ 
??????????????? (Dpt-lacZ) ? 3 ??????70% ethanol ??????
????????????????????????????????????????
??? 96-well plate ?? well ? 1 ?????? 25 ˚C ? 12 ??????????? 20% 
FBS, 1% ???? (Antibiotics-Antimycotic  (GIBCO)) ??? Schneider's Drosophila medium 
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(SDM) (GIBCO) ????????????????? DAP ????????? (DAP-
PGN) (Invivogen) ?????????? 100 ng/mL ?????????????????
?? 0.5% (v/v) ???????????
?12 ??????????? 200 µL reaction buffer (60 mM Na2HPO4, 40 mM NaH2PO4, 10 
mM KCl, 1 mM MgCl2, pH 7.8) ????????? (ULTRASONIC PROCESSOR XL : 
MISONIX) ????????????????  (9170 x g,  10 min.,  4 ˚C MX-300 : 
TOMY) ???? 100 µL ??????β-galactosidase ????????????
?20 µL ? β-Galactosidase ????? reaction buffer ? 80 ?????? Galacton plus 
(TROPIX) ? 80 µL ???? 1 ????????????? 0.25 M NaOH ? 8 ?????
? Emerald II (TROPIX) ? 100 µL ????????????? (Microplate Luminometer LB 
96V ; Berthold) ?????????????????? β-galactosidase ? 1 µg/mL ?? 100 
pg/mL ?? 10 ??? 0.1 % BSA (?????????) ??? reaction buffer ??????
???????
???????????? Bradford ????????? 10 µL ? 5 ????? dye reagent 
(BIO-RAD) 200 µL ???????? 10 ?????????? MICRO PLATEREADER 
MODEL 680 (BIO-RAD) ????? 595 nm ????????????????? BSA ? 
0.5, 0.4, 0.25, 0.125, 0.05 mg/mL ??????????????????????
??????????????? β-galactosidase ????????DMSO ? DAP-PGN ?
??????????? 100%, DMSO ???????????? 0% ?????????
????????????  
???????????????(Att-luc ?)
?Attacin ????????? luciferase ???????????????? S2 ?? 
(S2Att-luc) ??10% FBS ??? SDM ? 6 x 104 cells/mL ?????96-well plate (FALCON) ?
? well ? 85 µL ?????25˚C ? 12 ????????SDM ? 20 ????????? 10 
µL ???25 ˚C ? 1.5 ?????????? DAP-PGN ????? 100 ng/mL ?????
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? 5 µL ????, 25˚C ? 8 ?????????????? Glo-lysis buffer (Promega) ??
??????luciferase ????????????Luciferase ??????  One-Glo 
(Promega) ??????,  ??????? (Microplate Luminometer LB 96V ; Berthold) ???
??????????????? luciferase ? 1 ng/mL ?? 1 pg/mL ?? 10 ?????
??????????Luciferase ????????DMSO ? DAP-PGN ????????
???? 100%, DMSO ???????????? 0% ????????????????
????.
S2 ???????????? (S2 ???)
?S2 ??? 20% FBS, 1% Antibiotics-Antimycotic (GIBCO) ???? SDM ? 4 x 105 cells/mL 
?????96-well plate (FALCON) ?? well ? 100 µL ????????????????
?? 0.5% (v/v) ???????????25 ˚C ? 24 ????????WST-8 ?? (???
????? SF : nacalai tesque) ?? well ? 10 µL ?????????????? 4 ???
? MICRO PLATE READER MODEL 680 (BIO-RAD) ????? 450 nm ????????
??4 ????????? 0 ?????????????? DMSO ??????? well 
? 100% ????????????????? well ? 0% ??????????????
hs-GAL4/UAS-lacZ ?????????????????????????????
????(hs-lacZ ?)
?heat shock ????????? GAL4 ????, GAL4 ???????? UAS ????
??????? lacZ ????????????? (hs-GAL4/UAS-lacZ) ?????3 ???
??70% ethanol ????? ?????????????? (4 ˚C)???????????
?? 96-well plate ?? well ? 1 ???????37 ˚C  ??30 ?????????????25 
˚C ? 18 ??????????? 20% FBS, 1% Antibiotics-Antimycotic (GIBCO) ??? SDM 
??????????????? 0.5% (v/v) ?????????,?negative control ?? T-2 
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toxin ????? 100 µM ??????????
?????? Dpt-lacZ ?????????????????? β-galactosidase ?????
????DMSO ?????????? 100%, T-2 toxin ? 100 µM ??????? 0% ??
??????????
HUVEC ???? TNF-α ?????????????
?HUVEC ? EGM-2  (EGM-2 Bullet Kit, Lonza) ? 3 x 104 cells/mL ?????96 well plate ?
? well ? 100 µL ???????37˚C ? 24 ????????????????????
??? well ? 100 µL ??????1.5 ??? 3 ????????TNF-α (10 ng/mL) ???
?????? 1 ng/mL ?????? 11 µL ???????37˚C ? 12 ?????????
???????????????????????. 
?IL-8 ????? Immunoassay Kit (Biosource) ???????????????????




????Aspergillus sp. n-BuOH ??????
??????????????????????????Aspergillus sp. ???? (2 L) ??
??????????????????????? n-BuOH (2 L) ?????3 ?????
???????????????????n-BuOH ??? (20.47 g) ??????? n-
BuOH (1.5 L) ? 3 ??????????? n-BuOH ???? (5.96 g) ?????????
???????????H2O ???? (66.3 g) ?????? n-BuOH ???? (5.96 g) ?
?????????????????????n-hexane-EtOAc, EtOAc, EtOAc-MeOH, 
MeOH,  MeOH-H2O ????????Fraction 1 (355.3 mg, n-hexane-EtOAc (4:1)-EtOAc-
MeOH (9:1)), Fraction 2 (3407.3 mg, EtOAc-MeOH (9:1-4:1)), Fraction 3 (948.3 mg, EtOAc-MeOH 
(4:1-1:1)), Fraction 4 (998.1 mg, EtOAc-MeOH (1:1)-MeOH-H2O (9:1)) ????
 ????????? 8 ???
????????????? Fraction 2 ?????????????????????, 
CHCl3, CHCl3-MeOH (99:1-1:1), MeOH ????????Fraction 2-1~4 ????Fraction 2-1 
(294.9 mg) ??????????????????????CHCl3, CHCl3-MeOH (99:1-1:1), 
MeOH ????????Fraction 2-1-1~9 ????Fraction 2-1-4 (13.0 mg)??HPLC 
(Column: GS310-A, Elutant: CHCl3,-MeOH (2:1) , WL: 250 nm, Flow: 5 mL/min) ?????
Fraction 2-1-4-1~10 ????Fraction 2-1-4-4 (2.2 mg) ? ODS ?????????????
???H2O-CH3CN (9:1-1:1), CH3CN, EtOAc ????????H2O-CH3CN (1:1) ?????
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???????????? 8 (1.3 mg) ????8: Colorless oil; 1H and 13C NMR data are shown 
in Table 1; LRFABMS: m/z 755 [M+H]+ (base); HRFABMS: m/z 755.4343 [M+H]+ (755.4343 
calcd. for C39H59O9N6).
O-Benzyl-L-Pro (15) ???
?L-Pro (13) (500.2 mg, 4.3 mmol) ??????? toluene (40 mL) ?????benzyl alcohol 
(1.8 mL, 17.3 mmol), p-toluenesulfonic acid monohydrate (908.7 mg, 4.8 mmol) ??????10
??????????????????????????????EtOAc ? 3 ????
????????????????????????????????????????
?????????????????????????????CHCl3, CHCl3-MeOH 
(99:1-19:1) ???????15 (744.5 mg, 83%) ????15: colorless oil; 1H NMR (400 MHz, 
CDCl3) δ 7.28-7.35 (5H, m), 5.13 (2H, s), 3.77 (1H, dd, J = 8.8, 5.6 Hz), 3.04 (1H, ddd J = 13.6, 
10.0, 6.8 Hz), 2.86 (1H, ddd, J = 13.6, 10.4, 6.8 Hz), 2.68 (1H, br. s), 2.05-2.15 (1H, m), 1.79-1.90 
(1H, m), 1.66-1.76 (2H, m); 13C NMR (150 MHz, CDCl3) δ 174.8, 135.4, 128.2, 127.9, 127.7, 66.2, 
59.3 46.6, 29.8, 25.1; LRFABMS: m/z 206 [M+H]+.
Dipeptide: Boc-L-Pro-L-Pro-OBn (16) ???
???? 15 (207.9 mg, 1.0 mmol) ? DMF (4.0 mL) ?????0 ºC ???? Boc-L-Pro-OH 
(224.3 mg, 1.0 mmol), N,N-diisopropylethylamine (530 µL, 3.0 mmol), 1-hydroxybenzotriazole 
(234.4 mg, 1.5 mmol), EDCI (291.1 mg, 1.5 mmol) ???????0.5 ????????? 2.5 




(2:1-1:1) ?????? 16 (269.6 mg, 66%) ????16: colorless oil; 1H NMR (400 MHz, 
CDCl3) δ 7.28-7.35 (5H, m), 5.23 (1.2H, s), 5.06 (0.8H, s), 4.64 (1H, dd, J = 8.2, 4.6 Hz), 4.49 and 
4.38 (1H, dd J = 7.6, 2.0 Hz), 3.3-3.8 (4H, m), 1.74-2.25 (8H, m), 1.45-1.39 (9H, s); 13C NMR (150 
MHz, CDCl3) d 171.9 (0.6C), 171.6 (0.4C), 171.4 (0.4C), 170.9 (0.6C), 154.3 (0.6C), 153.5 (0.4C), 
135.5 (0.6C), 135.4 (0.4C), 128.3 (0.6C), 128.3 (0.4C), 128.0 (0.4C), 128.0 (0.6C), 127.9 (0.4C), 
127.9 (0.6C); 79.2 (0.6C), 79.2 (0.4C), 66.6 (0.4C), 66.5 (0.6C), 58.6, 57.4 (0.4C), 57.4 (0.6C), 46.6 
(0.6C), 46.4 (0.4C), 46.3 (0.4C), 46.2 (0.6C), 29.6, 28.7 (0.6C), 28.6 (0.4C), 28.2 (0.6C), 28.1
(0.4C), 24.8 (0.4C), 24.7 (0.6C), 23.8 (0.6C), 23.3 (0.4C) (????????????????
????????????????????); LRFABMS: m/z 403.3 [M+H]+ 303 (base), 206; 
HRFABMS: m/z 403.2254 [M+H]+ (403.2202 calcd. for C22H31O5N2).
Tripeptide: Boc-D-allo-Ile-L-Pro-L-Pro-OBn (17)????
???? 16 (269.6 mg, 0.67 mmol) ?  CH2Cl2 (2.0 mL) ?????0 ºC ???? trifluoroacetic 
acid (0.4 mL) ?????0.5 ????????? 1.5 ?????????????????
?????? DMF (3.3 mL) ?????0 ºC ???? Boc-D-allo-Ile-OH (158.6 mg, 0.73 
mmol), N,N-diisopropylethylamine (350 µL, 2.0 mmol), 1-hydroxybenzotriazole (158.9 mg, 1.0 
mmol), EDCI (196.9 mg, 1.0 mmol) ???????0.5 ????????? 2.5 ?????
?????? 1 M HCl ??? EtOAc ? 3 ?????????????????????
????????????????????????????????????????
???????????????????????????, n-hexane-EtOAc (2:1-1:4) ??
???? 17 (223.5 mg, 65%) ????17: colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.28-7.35 
(5H, m), 5.29 (1H, d, J = 9.2 Hz), 5.21 (1.2H, s), 5.06 (0.8H, s), 4.66 (1H, dd, J = 8.2, 4.6 Hz), 4.60 
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(1H, dd J = 8.8, 3.6 Hz), 4.50 (1H, dd, J = 8.8, 4.4 Hz) 3.79-3.89 (2H, m), 3.50-3.65 (2H, m), 1.87-
2.25 (8H, m), 1.68 (1H, m), 1.45 (1H, m), 1.41 (9H, s), 1.14-1.25 (1H, m), 0.97 (3H, t, J = 7.6 Hz), 
0.86 (3H, d, J = 6.8 Hz); 13C NMR (150 MHz, CDCl3) δ 171.8, 170.4, 170.0, 155.3, 135.4, 128.3 
(0.6C), 128.2 (0.4C), 127.9 (0.4C), 127.9 (0.6C), 127.8; 78.9, 66.5, 58.5, 57.7, 54.7, 46.9, 46.3,
38.0, 28.5, 28.1, 28.0, 26.4, 24.6, 24.2, 13.7, 11.7 (????????????????????
???????????????? ) ;  L R F A B M S :  m / z  5 1 6  [ M + H ] +  4 1 6 ,  3 0 3  
(base);HRFABMS: m/z 516.3080 [M+H]+ (516.3068 calcd. for C28H42O6N3).
Tetrapeptide: Boc-L-Thr-D-allo-Ile-L-Pro-L-Pro-OBn (18)? ??
???? 17 (220.0 mg, 0.43 mmol) ?  CH2Cl2 (2.0 mL) ?????0 ºC ???? trifluoroacetic 
acid (0.4 mL) ?????0.5 ????????? 1.5 ?????????????????
?????? DMF (2.1 mL) ?????0 ºC ???? Boc-L-Thr-OH (107.9 mg, 0.47 mmol), 
N,N-diisopropylethylamine (230 µL, 1.3 mmol), 1-hydroxybenzotriazole (100.2 mg, 0.64 mmol), 
EDCI (126.8 mg, 0.64 mmol) ???????0.5 ????????? 2.5 ????????
??? 1 M HCl ??? EtOAc ? 3 ????????????????????????
????????????????????????????????????????
????????????????????????, CHCl3-MeOH (99:1-19:1) ????
?? 18 (250.2 mg, 95%) ????18: colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.28-7.35 (5H, 
m), 6.72 (1H, d, J = 9.6 Hz), 5.59 (1H, d, J = 7.6 Hz), 5.17 (1.2H), 5.09 (0.8H, s), 4.68 (1H, dd, J = 
9.6, 8.8 Hz), 4.60 (1H, dd J = 8.8, 3.6 Hz), 4.54 (1H, dd, J = 8.8, 4.0 Hz), 4.42 (1H, br. s), 4.20 (1H, 
br. s), 3.73-3.80 (2H, m), 3.50-3.62 (2H, m), 2.65 (1H, br. s), 1.79-2.23 (8H, m), 1.35-1.58 (2H, m), 
1.44 (9H, s), 1.10-1.25 (1H, m), 1.18 (3H, d, J = 6.8 Hz), 0.93 (6H, m); 13C NMR (150 MHz, CDCl3) 
δ 171.8 (0.4C), 171.5 (0.6C), 171.6, 170.8, 170.5, 155.7, 135.4, 128.4 (0.6C) 128.3 (0.4C), 128.3 
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(0.4C), 128.2 (0.6C), 128.2 (0.4C), 128.1 (0.6C), 79.7, 67.7, 66.7 (0.6C), 66.5 (0.5C), 60.2, 58.7, 
57.8, 54.4, 47.5, 46.5, 36.3, 28.5, 28.1, 27.9, 26.1, 24.8, 24.6, 19.9, 14.2, 11.4 (????????
????????????????????????????); LRFABMS: m/z 617 
[M+H]+ 517, 303 (base); HRFABMS: m/z 617.3543 [M+H]+ (617.3555 calcd. for C32H49O8N4).
Tetrapeptide: Ac-L-Thr-D-allo-Ile-L-Pro-L-Pro-OBn (19) ???
???? 18 (123.6 mg, 0.20 mmol) ?  CH2Cl2 (2.0 mL) ?????0 ºC ???? trifluoroacetic 
acid (0.3 mL) ?????0.5 ????????? 1 ?????????????????
?????? CH2Cl2 (2.0 mL) ?????0 ºC ???? N,N-diisopropylethylamine (140 µL, 
0.8 mmol), acetic anhydride (40 µL, 0.44 mmol) ???????0.5 ??????????? 1 
M HCl ??? EtOAc ? 3 ????????????????????????????
????????????????????????????????????????
??????, CHCl3-MeOH (49:1-9:1) ?????? 19 (103.2 mg, 92%) ????19: 
colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.28-7.40 (5H, m), 6.77 (1H, d, J = 9.6 Hz), 5.17 (1.2H, 
s), 5.08 (0.8H, s), 4.68 (1H, dd, J = 9.6, 8.8 Hz), 4.60 (1H, dd J = 8.8, 3.6 Hz), 4.54 (1H, dd, J = 8.8, 
4.0 Hz), 4.42 (1H, d, J = 6.4 Hz), 4.37 (1H, dd, J = 8.0, 1.6 Hz), 4.28 (1H, br. s), 4.28 (1H, br. s), 
4.00 (1H, br. s), 3.65-3.80 (2H, m), 3.50-3.62 (2H, m), 1.75-2.25 (8H, m), 2.07 (3H, s), 1.36-1.44 
(1H, m), 1.10-1.25 (2H, m), 1.14 (3H, d, J = 6.8 Hz), 0.87-0.97 (6H, m); 13C NMR (150 MHz, 
CDCl3) δ 171.6, 170.8, 170.7, 170.6, 170.4, 135.4, 128.4, 128.2, 128.0, 66.7, 66.5, 60.2, 58.8, 58.4, 
57.9, 47.4, 46.5, 36.3, 28.6, 27.9, 26.2, 24.7, 243, 22.9, 14.2, 11.4 (?????????????
???????????????????????); LRFABMS: m/z 559 [M+H]+ 303 
(base); HRFABMS: m/z 559.3148 [M+H]+ (559.3119 calcd. for C29H43O7N4).
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Depsipeptide: Boc-L-allo-Ile-N-Ac-L-Thr-D-allo-Ile-L-Pro-L-Pro-OBn (20) ???
???? 19 (62.8 mg, 0.12 mmol) ?  CH2Cl2 (2.0 mL) ??????????? Boc-L-allo-Ile 
(27.0 mg, 0.12 mmol), N,N-dimethyl-4-aminopyridine (3.0 mg, 0.024 mmol), triethylamine (100 µL, 
0.72 mmol), 2-methyl-6-nitrobenzoic anhydride (80.5 mg, 0.24 mmol) ???????7.5 ???
???????? 1 M HCl ??? EtOAc ? 3 ???????????????????
????????????????????????????????????????
???????????????, CHCl3-MeOH (99:1-79:1) ?????? 20 (59.0 mg, 66%) 
????20: colorless oil; 1H NMR (400 MHz, CDCl3) δ 8.11 (1H, d, J = 8.4 Hz), 7.28-7.40 (5H, 
m), 6.78 (1H, d, J = 9.6 Hz), 5.20 (1.2H, s), 5.17 (0.8H, s), 4.90 (1H, d, J = 8.8 Hz), 4.58-4.80 (5H, 
m), 4.30 (1H, d, J = 3.6 Hz), 4.23 (1H, dd. J = 9.2, 4.8 Hz), 4.07 (1H, br. s), 3.65-3.82 (2H, m), 3.45-
3.63 (2H, m), 1.75-2.30 (9H, m), 2.04 (3H, s), 1.60-1.75 (2H, m), 1.36-1.44 (1H, m), 1.43 (9H, s), 
1.10-1.25 (2H, m), 1.25 (3H, d, J = 6.8 Hz), 0.87-0.97 (12H, m); 13C NMR (150 MHz, CDCl3) δ 
171.9, 171.4, 170.5, 170.0, 168.2, 168.0, 156.9, 135.5, 128.4, 128.2, 128.0, 79.5, 66.7, 66.5, 60.2, 58.9, 
58.7, 58.0, 57.5, 47.3, 46.5, 36.7, 28.6, 28.2, 27.8, 26.6, 24.9, 24.8, 24.4, 22.9, 14.2, 14.1, 11.7, 11.4 
(????????????????????????????????????); 





???? 20 (59.7 mg, 0.077 mmol) ? CH2Cl2 (3.0 mL) ?????0 ºC ???? trifluoroacetic 
acid (0.3 mL) ?????0.5 ????????? 0.5 ?????????????????
?????? CH2Cl2 (1.0 mL) ?????0 ºC ???? Cbz-N,O-dimethyl-L-Tyr-OH (31.6 mg, 
0.092 mmol), N,N-diisopropylethylamine (50 µL, 0.26 mmol), 1-hydroxybenzotriazole (19.3 mg, 0.13 
mmol), EDCI (24.9 mg, 0.13 mmol) ???????0.5 ????????? 5 ???????
???? 1 M HCl ??? EtOAc ? 3 ???????????????????????
????????????????????????????????????????
?????????????????????????, CHCl3-MeOH (99:1-49:1) ???
??? 14 (47.5 mg, 57%) ????14: colorless oil; 1H NMR (400 MHz, CDCl3) δ 7.20-7.36 
(10H, m), 7.12 (1.2H, d, J = 8.0 Hz), 7.01 (0.8H d, J = 8.0 Hz), 6.79 (1.2H, d, J = 8.0 Hz), 6.74 
(0.8H, d, J = 8.0 Hz), 6.73 (1H, d, J = 8.8 Hz), 5.42 (1H, m), 5.00-5.24 (4H, m), 4.94 (1H, m), 4.34-
4.80 (5H, m), 3.65-3.82 (2H, m), 3.76 (3H, s), 3.45-3.63 (2H, m), 3.25-3.35 (1H, m), 2.85-2.97 (1H, 
m), 2.83 (3H, s), 2.70-2.80 (1H, m), 1.75-2.30 (9H, m), 2.04 (3H, s), 1.60-1.75 (1H, m), 1.30-1.46 
(2H, m), 1.08-1.20 (2H, m), 1.22 (3H, d, J = 6.8 Hz), 0.80-0.97 (12H, m); 13C NMR (150 MHz, 
CDCl3) δ 171.8, 170.7, 170.2, 170.1, 169.6, 169.0, 168.3, 158.2, 136.6, 135.5, 129.7, 129.1, 128.4, 
128.2, 128.0, 127.7, 113.8, 71.0, 66.9, 66.7, 60.5, 58.9, 58.7, 58.3, 57.9, 56.3, 47.2, 46.6, 37.8, 36.7, 
32.9, 30.8, 28.6, 28.1, 26.6, 24.9, 24.8, 24.4, 22.8, 16.5, 14.4, 14.2, 11.7, 11.5 (????????
????????????????????????????); LRFABMS: m/z 997 
[M+H]+ 831, 582, 303 (base); HRFABMS: m/z 997.5292 [M+H]+ (997.5287 calcd. for 
C54H73O12N6).
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Aspergillicin E (11)? ??
???? 14 (40.7 mg, 0.041 mmol) ? MeOH (1.5 mL) ?????5%  ??????? (5.0 
mg) ????????????? 3.0 ??????????????????????
????? CH2Cl2 (36.0 mL) ??????????? N,N-diisopropylethylamine (20 µL, 0.11 
mmol), (O-(7-azabenzotriazol-1-yl)-N,N,N',N'-tetramethyluronium hexafluorophosphate) (20.9 mg, 
0.055 mmol) ???????25 ??????????? 1 M HCl ??? EtOAc ? 3 ???
????????????????????????????????????????
???????????????????????????????????????
??????, CHCl3-MeOH (89:1-79:1) ?????? Aspergillicin E (11) (12.0 mg, 30%) ??
??11: colorless oil;?1H NMR (400 MHz, CDCl3) δ 8.15 (1H, d, J = 9.2 Hz), 7.03 (1H, d, J = 8.4 
Hz), 6.84 (1H, d, J = 8.4 Hz), 6.80 (1H, d, J = 10.4 Hz), 6.61 (1H, d, J = 9.6 Hz), 5.60 (1H, dq, J = 
6.6, 2.4 Hz), 4.97 (1H, dd, J = 11.6, 4.0 Hz), 4.86 (1H, dd, J = 10.0, 2.8 Hz), 4.68 (1H, dd, J = 8.8, 
4.8 Hz), 4.61 (1H, dd, J = 9.2, 7.6 Hz), 4.50 (1H, dd, J = 8.4, 5.2 Hz), 4.30 (1H, dd, J = 8.4, 5.2 Hz), 
3.78 (3H, s), 3.59-3.72 (2H, m), 3.49-3.58 (2H, m), 3.17 (1H, dd, J = 14.8, 3.6 Hz), 2.98 (1H, dd, J = 
14.0, 12.0 Hz), 2.82 (3H, s), 1.8-2.3 (9H, m), 2.15 (3H, s), 1.55-1.80 (2H, m), 1.05-1.44 (3H, m), 1.27 
(3H, d, J = 10.4 Hz), 0.83-0.95 (12H, m); 13C NMR (125 MHz, CDCl3) δ 173.2, 171.6, 171.0, 170.9, 
169.8, 168.3, 158.7, 130.4, 129.6, 114.3, 71.6, 62.5, 58.2, 56.3, 55.8, 55.4, 55.1, 54,6. 47.4, 47.3, 37.8, 




??? Steptomyces hygroscopicus ? n-BuOH ??????
????????????????????????? Streptomyces hygroscopicus ???
? (20 L) ????? n-BuOH (16 L) ?????3 ??????????????????
??????n-BuOH ??? (92.92 g) ????????3.5 L ???????????
?????????3 L) ? 3 ????????????????????? (52.73 g) ??
?????????? n-BuOH (3 L) ? 3 ??????????? n-BuOH ???? (34.10 
g) ??????????????????? H2O ???? (12.61 g) ?????????
???? (52.73 g) ??????????????????????n-hexane-EtOAc, EtOAc, 
EtOAc-MeOH, MeOH, MeOH-H2O ????????Fraction 1 (10.20 g, n-hexane-EtOAc (9:1-
3:1)), Fraction 2 (0.93 g, n-hexane-EtOAc (1:1)), Fraction 3 (3.52 g, n-hexane-EtOAc (1:3-0:1)), 
Fraction 4 (34.11 g, EtOAc-MeOH (9:1-4:1)), Fraction 5 (1.78 g, EtOAc-MeOH (2:1)), Fraction 6 
(1.68 g, EtOAc-MeOH (4:1)-MeOH-H2O (9:1)) ????
?? trichostatin ??? 9 ???
??????????????? Fraction 3 (3.52 g) ???????????????
???????CHCl3, CHCl3-MeOH (99:1-49:1), MeOH ????????Fraction 3-1~4 ?
???Fraction 3-2 (912.9 mg) ??????????????????????CHCl3, 
CHCl3-MeOH (99:1-49:1), MeOH ????????Fraction 3-2-1~4 ????Fraction 3-2-2 ?
?????????????????????n-hexane-EtOAc (2:1-1:4), MeOH ?????
???Fraction 3-2-2-1-6 ????Fraction 3-2-2-5  (85.7 mg) ? ODS ?????????
??????, H2O-CNCH3 (9:1-1:9), CNCH3 ????????Fraction 3-2-2-5-1~10 ??
??Fraction 3-2-2-5-8 (19.8 mg)? GPC HPLC (column: GS310, elutant: CHCl3-MeOH (2:1), WL: 
68
250 nm, flow rate: 5.0 mL/min) ???????? 9 (10.3 mg) ????9: yellow oil;?1H and 
13C data are shown in Table 2; LRFABMS: m/z 572 [M+H]+; HRFABMS: m/z 572.3138 [M+H]+ 
(572.3114 calcd. for C34H42O5N3).
Trichostatin A (25) ???
?Att-luc ??????????????????? Fraction 3-4 (1426.4 mg) ??????
????????????????n-hexane-EtOAc (4:1-1:4), EtOAc, EtOAc-MeOH (19-1), 
MeOH ????????Fraction 3-4-1-7 ????Fraction 3-4-5  (916.0 mg) ???????
???????????????CHCl3-MeOH (99:1-1:1), MeOH ????????Fraction 
3-4-5-1~5 ????Fraction 3-4-5-5 (111.6 mg) ? ODS ????????????????
H2O-MeOH (9:1-3:7), MeOH, EtOAc ????????H2O-MeOH (7:3-1:1) ??????? 
trichostatin A (25) (19.1 mg) ????Trichostatin A (25): yellow oil;?1H data are shown in Table 2; 
LRFABMS: m/z 303 [M+H]+; HRFABMS: m/z 303.1720 [M+H]+ (303.1684 calcd. for 
C17H23O3N2).
Trichostatic acid (26) ???
?Fraction 3-2-2-5-4 (18.8 mg) ? GPC HPLC (column: GS310, elutant: CHCl3-MeOH (2:1), WL: 
250 nm, flow rate: 5.0 mL/min) ?????trichostatic acid (26) (10.3 mg) ????Trichostatic 
acid (26): yellow oil;?1H data are shown in Table 2; LRFABMS: m/z 288 [M+H]+.
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? 3 ????
??? Streptomyces sp. EtOH ??????
???????????????????????? Streptomyces sp. ? EtOH ??? 
(21.68)???1 L ?????????????n-BuOH (800 mL ? 3) ??????????
? n-BuOH ???? (4.13 g) ??????????????????? H2O ???? 
(2.19 g) ????n-BuOH ???? (4.13 g) ????????????????????
??n-hexane-EtOAc, EtOAc, EtOAc-MeOH, MeOH,  MeOH-H2O ????????Fraction 1 
(1024.5 mg, n-hexane-EtOAc (9:1)), Fraction 2 (306.1 mg, n-hexane-EtOAc (9:1-1:1)), Fraction 3 
(369.7 mg, n-hexane-EtOAc (1:1)-EtOAc-MeOH (9:1)), Fraction 4 (233.2 mg, EtOAc-MeOH (9:1-
4:1)), Fraction 5 (915.3 mg, EtOAc-MeOH (4:1)-MeOH), Fraction 6 (670.6 mg, MeOH-H2O (9:1))  
????
 ????????????? (10) ???
?????????????? Fraction 5 ?????????????????????, 
CHCl3, CHCl3-MeOH (99:1-1:1), MeOH ????????Fraction 5-1~5 ????Fraction 5-3 
(276.6 mg) ? CHCl3 ??????????????????? MeOH ????????
???????Fraction 5-3-M ????Fraction 5-3-M (196.2 mg) ? GPC HPLC (column: 
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GS310, elutant: MeOH, WL: 250 nm, flow rate: 5.0 mL/min) ???????? (10) (40.8 mg) ?
???10: yellow amorphous solid;?1H and 13C data are shown in Table 3; LRFABMS: m/z 1083 [M-
H]-; HRFABMS: m/z 1083.4637 [M-H]- (1083.5637 calcd. for C52H75O24).
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